Left ventricular filling dynamics were investigated in 24 patients with aortic stenosis (AS). Biplane cineangiography was performed with simultaneous micromanometry in these 24 patients and in six control subjects. Twelve of the patients with AS had moderate hypertrophy with a left ventricular muscle mass index of less than 180 g/m2 (AS 1 group) and 12 had severe hypertrophy with an index of 180 g/m2 or more (AS2 group). Filling dynamics were also evaluated postoperatively in eight patients in the AS 1 and six patients in the AS2 group. Preoperatively, end-diastolic and end-systolic volume indexes were larger and ejection fraction was lower in the AS2 compared with the control or AS 1 group. Percent volume increase during the first half of diastole (%V 1) was smaller in the AS 1 than in the AS2 group. Peak filling rate in the first half of diastole (PFRl) was higher in the AS2 than in the control or in AS l group, while peak filling rate in the second half of diastole (PFR2) was considerably greater in the AS 1 group than in the other two groups. The time constant of left ventricular pressure decline, an index of the rate of relaxation, was prolonged in the AS2 group. In contrast, mitral valve opening pressure (MVOP) was significantly higher in this group than in the other two groups. The constant of left ventricular chamber stiffness was slightly but not significantly greater in both AS groups than in the control subjects. After surgery in patients in the AS 1 group, preoperatively reduced %V had increased and preoperatively enhanced PFR2 had decreased. In patients in the AS2 group, excluding one with a persistent low ejection fraction after surgery, preoperatively enhanced PFR1 decreased in association with a decrease in MVOP. Thus, left ventricular filling dynamics vary in patients with AS depending on the degree of left ventricular hypertrophy and systolic function. In patients with AS and moderate hypertrophy %V1 is slightly reduced but is compensated for by a forceful atrial contraction. In those with severe hypertrophy and systolic dysfunction increased driving pressure allows %VV1 to remain within normal limits, despite prolonged left ventricular relaxation and decreased elastic recoil. Both changes in left ventricular filling dynamics tend to normalize after surgery in association with a reduction in left ventricular hypertrophy and/or an improvement of systolic function. Circulation 73, No. 6, 1162No. 6, -1174No. 6, , 1986 MYOCARDIAL HYPERTROPHY is an adaptive mechanism that enables the heart to cope with abnormal loading conditions. Specifically, it allows maintenance of normal ejection performance in the chronically pressure-overloaded ventricle, such as occurs in aortic stenosis (AS) or systemic hypertension. Inadequate hypertrophy or depressed myocardial contractility leads to deterioration of ejection performance in patients with these diseases. ' In addition, impairment of left ventricular relaxation or changes in the diastolic pressure-volume relationship have also been demon-1162 strated in various types of hypertrophied ventricle.5`8
ventricular contraction, relaxation, or diastolic properties. Moreover, postoperative changes in filling dynamics were also assessed in some of these patients.
Methods
Patients. Thirty patients (21 men and nine women) with a mean age of 50 years (range 21 to 69) underwent diagnostic right and left heart catheterization. Six patients, who served as the control group, had no or minimal cardiovascular disease (five had no abnormalities and one had minimal mitral valve prolapse). Twenty-four patients had AS with a mean systolic pressure gradient between 40 and 105 mm Hg and no or only slight aortic regurgitation (regurgitant fraction as determined by thermodilution < 0.20). Patients with coexistent mitral valve disease and those with coronary artery disease ( > 50% diameter narrowing) were excluded from the study. Patients with AS were divided into two groups according to the amount of left ventricular muscle mass, which was determined by the method of Rackley et al. 16 : 12 had moderate hypertrophy with a left ventricular muscle mass index less than 180 g/m2 (AS 1 group), and 12 had severe hypertrophy with an index of 180 g/m2 or more (AS2 group). The muscle mass index of 180 g/m2 was used as the cutoff value because it represents approximately double the value found in control subjects.7 The clinical and hemodynamic features of the three groups of patients are presented in table 1. Eight patients in the AS 1 group and six in AS2 group were also evaluated 16.2 months (mean 16.3, range 1 1 to 24 in ASI group; mean 16.2 months, range 10 to 27 in AS2 group) after successful aortic valve replacement. Fifteen patients (six in the AS 1 and nine in the AS2 group) were taking maintenance doses of digitalis at the time of catheterization.
Cardiac catheterization. Informed consent was obtained from all patients. Patients were asked by letter for consent to recatheterization. Premedication consisted of 10 mg chlordiazepoxide (Librium) given orally 1 hr before the procedure. Left ventricular pressure was measured with a No. 7F Millar angiographic micromanometer introduced transseptally in patients with AS and by the retrograde route in control subjects. The micromanometer pressure tracing was superimposed on the conventional pressure tracing, which was obtained from the side lumen of the catheter with the use of a fluid-filled system. Aortic pressure was simultaneously measured through a fluidfilled No. 8F pigtail catheter introduced via the right femoral artery in all patients with AS. Pressures, the first derivative of pressure (dP/dt), (dP/dt)/P, a peripheral lead of the standard electrocardiogram, and the phonocardiogram were recorded at a paper speed of 200 or 250 mm/sec (Electronics for Medicine model DR16 or VR12).t The response time for differentiating circuits is 0.65 msec for 63% deflection (time constant) and 1.5 msec for 100% deflection. The same holds for the instantaneous calculation of (dP/dt)/P. Simultaneous biplane left ventricular cineangiography was performed in the 30 degree right anterior oblique and 60 degree left anterior oblique projections at a filming rate of 50 frames/ sec. Each angiographic frame had a digital time that corresponded to time marks on the pressure recordings. Finally, coronary arteriography was performed by the Judkins technique in patients older than 40 years. Data analysis. All patients were in sinus rhythm and the duration of the QRS complex did not exceed 0.11 sec. Postextrasystolic beats were excluded. The pressure tracing was digitized for an entire cardiac cycle by an electronic digitizer (Numonics Corporation) interfaced to a PDP 11/10 computer equipped with a printer-plotter (Versatec). Sampling rate for pressure and dP/dt values was 5 msec. The time constant of isovolumetric left ventricular pressure decline (T) was determined from the linear relationship between left ventricular pressure and negative dP/dt.'`T was calculated as the negative reciprocal of the slope of the regression line. The isovolumetric relaxation period was defined as beginning immediately after maximal negative dP/dt and ending when pressure decreased to 5 mm Hg above left ventricular end-diastolic pressure. 19 Seven to 16 data points were used to determine T. The correlation coefficient of the linear relationship between left ventricular pressure and negative dP/dt was -.994 (range .988 to .997) for control subjects, -.975 (.950 to .994) preoperatively and -.989 (.968 to .997) postoperatively in the AS1 group, and -.982 (.957 to .999) preoperatively and -.984 (.960 to .993) postoperatively in the AS2 group. Preoperatively, the correlation coefficient was less than .980 in eight of 12 patients in the AS 1 group and in four of 12 in the AS2 group due to small deviations from a true monoexponential curve fit5; postoperatively, it was less than .980 in two of eight in the AS 1 group and in one of six in the AS2 group. Twenty-one of 24 patients with AS had slight aortic regurgitation. Such regurgitant flow might influence isovolumetric relaxation and T. However, this influence is probably small in these patients, since prolongation of relaxation due to blood influx into the left ventricle is potentially minimized by the acceleration effect of stretch on the relaxing muscle. 5' 20 Frame-by-frame analysis of the left ventriculogram was performed by the area-length method for the entire cardiac cycle. In this study, end-diastole was defined as the beginning of the rapid rise of left ventricular pressure immediately after the onset of the QRS complex. End-systole was defined as the time at 
where P = left ventricular pressure; h = wall thickness; amidwall semimajor axis (L/2 + h/2); b = midwall semiminor axis (D/2 + h/2). (L is the left ventricular major axis from the right anterior oblique projection; D is a geometric average of the left ventricular minor axes of the right anterior oblique and left anterior oblique projections.) End-diastolic and peak systolic stress, and the stress at mitral valve opening, were also determined. Left atrial pressure was measured transseptally before left ventricular cineangiography and peak left atrial a and v waves were determined. The peak left atrial v wave was termed "mitral Left ventricular (LV) volumetric measurements were made every 20 msec. Dots represent the raw LV volume data and the solid line a volume-time curve obtained by the smoothing process (see text) (top). Diastolic filling time from mitral valve opening (MVO) to end-diastole (ED) was divided into a first (tl) and second (t2) half. %VI and percent volume increase during the second half of diastole (%V2) was calculated as a ratio of volume increase during each period to total filling volume. Instantaneous filling rate was determined every 20 msec. The solid line represents the time course of diastolic filling rate obtained from the smoothed volume-time curve (bottom). ES = end-systole.
valve opening pressure" (MVOP) in patients with AS; in control subjects, in whom left atrial pressure was not measured directly, MVOP was taken as the left ventricular pressure occurring at the time at which unopacified blood first entered the ventricle. In patients with AS, the left ventricular pressure at the time when unopacified blood first entered the ventricle (y) correlated well (r .91 1; p < .001) with the transseptally measured v wave (x) (y 0.86x + 1.7; n = 38 [24 preoperative and 14 postoperative data points]). The v wave pressure was, therefore, slightly higher (14%) than the pressure when unopacified blood first entered the left ventricle. Thus, the beginning of diastolic filling is assumed to be 20 msec before the first frame showing the entry of unopacified blood into the left ventricle.'8 The time interval from the beginning of diastolic filling to end-diastole was termed the left ventricular filling time. This filling time was divided into a first and second half and the ratio of the volume increase during the first and second half of diastole to the total filling volume (maximal diastolic volume minus volume at mitral valve opening) was calculated ( figure 1 ). In addition, instantaneous diastolic filling rates were calculated every 20 msec after mitral valve opening. To minimize error due to random noise in the left ventricular volume-time curve, raw data were filtered with the fifth-grade moving average23 as follows:
, where t is the time from mitral valve opening (msec), and v(t) and V(t) are raw and smoothed instantaneous left ventricular volumes (ml), respectively. Then, diastolic filling rate (FR) at time t was calculated (in ml/sec) from the equation FR(t) -[V(t + 20) -V(t -20)]/0.04. The greatest value occurring in the first and the second half of diastole was termed the peak filling rate of each period (PFRI and PFR2). Although use of a smoothing process is desirable for angiographic determination of filling rates, it is likely to reduce the frequency content of the volume information.24 This may be a methodologic limitation for the accuracy of determination of filling rate, especially in the rapid filling phase, by cineangiocardiography. In addition, stroke volume calculated angiocardiographically by the area-length method is an overestimate compared with that determined by the thermodilution technique. 25 However, such errors are probably small when interpatient comparisons of volume data are being made by the same method.
For the assessment of left ventricular chamber stiffness, the pressure-volume data from the lowest diastolic pressure to enddiastole were fitted to an exponential pressure-volume relationship with a three-parameter model as follows: P = aeIv + C.
where P = pressure (mm Hg); a = material constant (mm Hg); ,3 = constant of left ventricular chamber stiffness (l/ml/m2); V = volume (ml/m2); C = asymptote pressure (mm Hg). The mathematic analysis was performed by an iteration procedure26 with a nonlinear curve-fitting program27 to determine the three constants a, ,B, and C.
Statistics. Comparisons among the control, AS1, and AS2 groups before and after surgery were performed by one-way analysis of variance with the Scheffe procedure and those between preoperative and postoperative data by a paired t test. Differences were considered significant when the p value was less than .05. Data are presented as mean + 1 SD in tables and as mean + 1 SEM in figures.
Results
The pressure and angiographic measurements obtained before and after aortic valve replacement are shown in tables 2 and 3. The data on diastolic filling and their determinants before and after surgery are CIRCULATION /1 / presented in table 4 and figures 2 to 5. Typical examples of left ventricular filling dynamics in the AS 1 and AS2 groups are presented in figure 6.
Preoperative hemodynamics (tables 2 and 3). Heart rate was not significantly different among the three groups. End-diastolic pressure and stress were higher in the AS2 group than in the other two groups. Left ventricular peak systolic pressure and stress in both groups with AS were higher than in control subjects. Neither maximum nor minimum dP/dt were different among the three groups. T was significantly prolonged in the AS2 group compared with the other two groups. The presence of depressed systolic function was suggested in the AS2 group. In this group, values for end-diastolic and end-systolic volume indexes were larger, and ejection fraction was lower than in the other two groups.
Preoperative diastolic filling dynamics (table 4; figures 2 and 3). There were no significant differences in total filling volume or diastolic filling time among the three groups. Percent volume increase during the first half of diastole (%V1) was significantly smaller in the AS1 than in the AS2 group; it was slightly but not significantly smaller in the AS1 group than in control subjects. PFR1 was greater in the AS2 than in the other two groups, while PFR2 was substantially enhanced in the AS 1 compared with the AS2 or the control group. MVOP, which is an index of driving pressure for diastolic filling, was significantly higher in the AS2 group than in the other two groups. Elevated MVOP was accompanied by greater wall stress at mitral valve opening in the AS2 compared with the AS 1 or control group. Peak left atrial a wave was greater in the AS2 than in the AS I group. The stiffness constant of the left ventricle was slightly but not significantly greater in both groups with AS than in the control subjects.
Postoperative changes in hemodynamics (tables 2 and 3).
Postoperative evaluation of filling dynamics was performed in eight of 12 patients in the AS 1 group and six of 12 of those in AS2 group. Left ventricular muscle 1166 left ventricular peak systolic pressure; T time constant of vs before surgery. mass index decreased after aortic valve replacement in both AS groups, but was still increased as compared with that in the control group. Heart rate did not change significantly after surgery in the two AS groups. After surgery, end-diastolic pressure decreased significantly in both groups with AS; in the AS2 group, however, it was still significantly higher compared with that in control subjects. End-diastolic stress decreased slightly (not significant) in the AS2 group after surgery; it did not change in the AS 1 group. Left ventricular peak systolic pressure was also decreased after surgery in both groups with AS, but was slightly higher than the control value in the AS2 group. Left ventricular peak systolic stress decreased in both AS groups after surgery. Maximum dP/dt did not change after surgery in either AS group, but minimum dP/dt increased slightly in the AS2 group. There was no significant change in left ventricular relaxation rate or driving pressure before and after aortic valve replacement in the AS 1 group. Prolonged T was slightly but not significantly reduced after surgery in the AS2 group. End-diastolic volume index was significantly reduced in both groups with AS, but was still significantly larger in the AS2 than in the control group. Endsystolic volume index was reduced significantly in the AS 1 and slightly but not significantly in the AS2 group after aortic valve replacement. There was no significant change in ejection fraction in the patients in the AS 1 group after surgery. The reduced ejection fraction Vol. 73, No. 6, June 1986 before surgery in those in the AS2 group increased insignificantly after surgery. In the AS2 group, there was one patient (No. 16) in whom aortic valve replacement failed to improve systolic function; the ejection fraction remained depressed and the change was minimal (from 31% to 36%).
CIRCULATION
Postoperative changes in diastolic filling dynamics ( LVMMI = left ventricular muscle mass index; EDVI, ESVI = end-diastolic and end-systolic volume indexes; EF = ejection fraction; Sed = end-diastolic stress; Sp = peak systolic stress; Smvo = stress at mitral valve opening; others are as in table 2. Ap < .05; Bp < .01; Cp < .05 vs before surgery; Dp < .01 vs before surgery. gery. In the entire AS2 group, PFR1 did not change after surgery. However, five patients with postoperative ejection fractions greater than 55% showed a significant reduction in PFR 1 (from 820 to 605 ml/sec, p < .05). In contrast, in one patient (No. 16) in the AS2 group with a postoperative ejection fraction of 36%, both %V1 and PFRI increased slightly. MVOP did not change after surgery in either AS group. However, although one patient (No. 16) had no postoperative improvement in ejection fraction, five patients in the AS2 group showed a considerable reduction in MVOP (from 32 to 18 mm Hg, p < .05). The peak left atrial a wave decreased in the AS 1 group after surgery; 1168 in the AS2 group, excluding patient 16, it also decreased significantly, from 27 to 17 mm Hg (p < .01). The slightly increased chamber stiffness before surgery decreased somewhat in both AS groups after valve replacement.
Discussion
Left ventricular filling is determined by a complex interplay between static and dynamic properties of the atria and ventricles. The preceding left ventricular contraction or relaxation influences the filling process, especially in early diastole. The presence of active determinants of left ventricular filling has been ob- served in early diastole. Such determinants include elastic recoil (or diastolic suction) created during systole, which depends on how vigorous the ventricle contracts28: when a smaller and more deformed ventricle results from a contraction, more elastic recoil for diastolic filling is created. Ventricular relaxation, an energy-dependent process of calcium reuptake into the sarcoplasmic reticulum, is another element of active determinants of diastolic filling. Extension of left ventricular relaxation into the filling phase and its influence on early diastolic filling have been studied in animals and human subjects.29 32 Recently we reported that an interaction of elastic recoil and left ventricular relaxation could provide an explanation for the left ventricular filling dynamics after postextrasystolic po-Vol. 73, No. 6, June 1986 tentiation33 or the administration of a calcium antago-nist34 in patients with coronary artery disease. On the other hand, the atrial driving pressure after mitral valve opening is also an important determinant of filling and provides a physiologic basis for the passive part of early diastolic filling. A close relationship between atrial driving pressure and early diastolic filling quantities such as peak filling rate has been reported.`In addition to these dynamic determinants of early diastolic filling, static properties of the left ventricle, such as chamber stiffness, may also affect diastolic filling in early diastole. Moreover, in the hypertrophied ventricle, distension of the increased muscle mass itself requires an increased filling pressure, which modifies early diastolic filling dynamics. In late diastole, filling dynamics may be primarily determined by passive properties of the left ventricle and the contractile state of the left atrium.
Left ventricular filling dynamics in patients with AS and moderate hypertrophy. The present study demonstrates that in patients with AS left ventricular filling dynamics are not uniform but vary depending on the degree of left ventricular hypertrophy and the contractile state. The filling dynamics in patients with AS and moderate hypertrophy (the AS 1 group in this study) are quite different from those in patients with AS and severe hypertrophy (the AS2 group here): left ventricular systolic function is normal in the former, while it is 1170 diminished in the latter. Left ventricular filling in the AS 1 group was characterized by a slight impairment of %V 1 and subsequent compensation for this impairment during late diastole (figure 6) (although a statistically significant difference in %V1 was observed only between the two AS groups and not between AS 1 and the control subjects). The enhanced PFR2 in the AS1 group suggests an important role of forceful atrial contraction for such compensation. This filling pattern is similar to that demonstrated in previous studies in patients with AS, systemic hypertension, or hypertrophic cardiomyopathy.9-15 In these studies, however, the causes leading to impairment of early diastolic filling CIRCULATION were controversial. Some investigators2 13 have attributed impairment of filling in early diastole to a prolonged left ventricular relaxation. In our study, there were no significant differences between the control subjects and the AS 1 group with respect to the dynamic determinants of left ventricular filling, particularly the time constant of left ventricular relaxation. Therefore, alterations in static determinants of left ventricular filling, an increased amount of left ventricular muscle mass, or slightly increased left ventricular chamber stiffness may be the primary determinants of left ventricular filling in these patients. This concept is supported by the postoperative findings on filling dynamics. In the AS 1 group, the preop-Vol. 73, No. 6, June 1986 eratively reduced %V 1 increased significantly after surgery in association with a reduction in left ventricular muscle mass. On the other hand, except for a slight reduction in end-systolic volume, the dynamic determinants of left ventricular filling (time constant of relaxation and MVOP) remained normal after aortic valve replacement. The preoperatively enhanced PFR2 decreased and returned to the normal range after aortic valve replacement, although there was no change in PFR1. The unchanged PFR1 does not, however, exclude the possibility that the filling rate-time integral (volume increase) during this period increased. In fact, there was an augmentation of volume increase during the first half of diastole in the AS 1 group (total filling volume stayed constant and %V 1 increased). This might be the main cause for the decrease in PFR2 without a change in PFR 1.
Left ventricular diastolic filling dynamics in patients with AS and severe hypertrophy. In contrast to the filling dynamics in patients with moderate hypertrophy, the filling pattern we observed in those with severe hypertrophy has not been reported in the previous studies. It is characterized by a normal volume increase during early diastole in association with an enhanced early diastolic peak filling rate ( figure 6 ). Our data reveal that dynamic determinants of early diastolic filling are altered in a complex fashion subsequent to a reduction in ejection performance in patients with severe hypertrophy. Compared with the control subjects or patients with moderate hypertrophy, end-systolic volume was larger and left ventricular relaxation rate was slower in those with severe hypertrophy; left ventricular chamber stiffness was slightly increased in this group compared with that in the control subjects. All these changes would be expected to result in an impairment of early diastolic filling. In the present study, however, percent volume increase during the first half of diastole 1172-was indistinguishable from that in control subjects and PFRI1 was enhanced.
A possible explanation for these findings could be the considerably enhanced MVOP, a reasonable alternative to atrial driving pressure. In these patients, elevated driving pressure may mask or even overcome the negative effects on early diastolic filling produced by decreased elastic recoil, slower relaxation, or slightly increased chamber stiffness. This concept is similar to that we previously reported in patients with coronary artery disease during exercise. ' filling rate in this period is similar to that in control subjects, despite the presence of a relatively slower relaxation, probably due to a high driving pressure. In patients with hypertrophy, it is possible that myocardial hypertrophy compensates for the high driving pressure and abolishes its effect to expand the myocardium. We therefore determined wall stress at mitral valve opening, but wall stress was also larger in the AS2 group than in the AS 1 or control group. In contrast to our observation of enhanced peak filling rate in early diastole in patients with severe hypertrophy and depressed systolic function, Fifer et al.,36 who used M mode echocardiography, described a decreased diastolic peak diameter lengthening rate in patients with AS and normal as well as depressed systolic fractional shortening. The reason for the difference between their observations and ours remains unexplained. However, it should be noted that in our study diastolic filling was evaluated in terms of volume increase, whereas in their study one-dimensional measurements were used without taking left ventricular geometry into account. The reason for a reduction in ejection performance in patients in the AS2 group may be both afterload mismatch (inadequate hypertrophy) and depressed myocardial contractility. Compared with control subjects, these patients showed increased peak systolic stress and decreased ejection fractions (right and downward shift of the force-shortening relationship), suggesting afterload mismatch. On the other hand, patients in the AS2 group demonstrated a decreased ejection fraction in association with a similar increase in peak systolic stress compared with those in the AS 1 group (relative downward shift of the force-shortening relationship), suggesting depressed myocardial contractility. These results coincide with those in our previous report37 on the force-shortening relationship in patients with AS.
Because of the small number of patients undergoing postoperative reevaluation, no definite conclusions can be drawn concerning the postoperative changes in filling dynamics in the AS2 group. However, it is of interest that there are two different tendencies of postoperative changes in filling dynamics in this group. In one patient (No. 16) in whom systolic function remained depressed after surgery, both %V1 and PFR1 tended to increase slightly. Importantly, these changes were accompanied by a further elevation of MVOP after surgery. In contrast, the other five patients in the AS2 group showed a decrease in %V1 and PFR1 that was associated with a decrease in MVOP. These observations support our theory that elevated atrial driving pressure may play an important role in the pattern of left ventricular filling in patients with severe hypertrophy.
Elevated MVOP was generally accompanied by left ventricular dysfunction in the patients in the AS2 group. In this group, high end-diastolic pressure and large end-diastolic volume indicated that the left ventricle was operating on the right and upward portion of the diastolic pressure-volume relationship. Increased operative chamber stiffness may contribute to higher end-diastolic pressure than MVOP in these patients. The peak left atrial a wave was greater preoperatively in the AS2 than in the AS 1 group, indicating the presence of more forceful atrial kick in the former group. The slightly reduced percent volume increase during the second half of diastole in the AS2 group may then be explained by an increased operational chamber stiffness (increased left ventricular end-diastolic pressure), but not by a loss of atrial contraction.
In this study, 10 patients in the AS 1 group and 1 1 in the AS2 group had aortic regurgitation. Although it was small in each case, such regurgitation could eventually modify filling dynamics in our patients. However, it is unlikely that differences in filling patterns between the two AS groups were due to the small associated aortic regurgitation because there were no differences in either regurgitant fraction or absolute regurgitant volume between the two AS groups.
We have discussed the left ventricular filling dynamics relating to dynamic determinants (elastic recoil, relaxation rate, and driving pressure) and static ones (chamber stiffness, left ventricular hypertrophy). However, there are some other important determinants of filling dynamics. The viscoelastic property of the left ventricle could affect early diastolic filling in the AS2 group and late diastolic filling in the AS 1 group because peak filling rate in the corresponding period is enhanced in each period. In addition, influences on filling dynamics by left ventricular constraints (right ventricular, pericardial, or pleural pressure) may not be negligible, especially in patients with a large left ventricle (AS2 group). Thus, more work is required to investigate specifically these influences on diastolic filling dynamics.
In summary, left ventricular filling dynamics are not uniform but vary, probably according to the severity of left ventricular hypertrophy and systolic function in patients with AS. In patients with AS and moderate hypertrophy %V1 is slightly impaired but is compensated for by a forceful atrial contraction. In those with severe hypertrophy and systolic dysfunction, elevated atrial driving pressure may allow %V 1 to remain within normal limits, despite a reduced elastic recoil or Vol. 73, No. 6, June 1986 prolonged relaxation. After aortic valve replacement both types of abnormalities in filling dynamics tend to normalize in association with a reduction of left ventricular hypertrophy and/or an improvement in systolic function.
